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We have analysed the latest NA50 data on transverse energy distributions and J/ψ suppression
in Pb+Pb collisions. The transverse energy distribution was analysed in the geometric model, where
AA collisions are written in terms of NN collisions, taking into account the fluctuations in the number
of NN collisions at xed impact parameter. Analysis suggests that in Pb+Pb collisions, nucleons are
more transparent than in other AA collisions, producing less ET in individual NN collisions. The
transverse energy dependence of the J/ψ was obtained assuming that charmonium suppression is
100% eective above a threshold density. Good t to data is obtained if the fluctuations in number
of NN collisions at xed impact parameter is taken into account.
PACS numbers: 25.75.-q, 25.75.Dw
J/ψ suppression in relativistic heavy ion collisions has been recognised as an important tool to identify the possible
phase transition to a quark-gluon plasma. Because of the large mass of the charm quarks, cc pairs are produced on
a short time scale. Their tight binding also make them immune to nal state interactions. They probes the early
stage of the collisions. In particular Matsui and Satz [1] predicted that in presence of quark-gluon plasma (QGP),
binding of cc pairs into J/ψ meson will be hindered, leading to the so called J/ψ suppression in heavy ion collisions
[1]. Over the years several groups have measured the J/ψ yield in heavy ion collisions. For a review of the data and
the interpretations please refer to [2,3]. In brief, experimental data do show suppression, which however could be
attributed to the conventional nuclear absorption, which is present also in pA collisions.
The latest data obtained by the NA50 collaboration [4] on J/ψ production in Pb+Pb collisions at 158 A GeV is the
rst indication of anomalous mechanism of charmonium suppression, which goes beyond the conventional suppression
in nuclear environment. The ratio of J/ψ over the Drell-Yan cross-sections decreases faster with ET in the most
central collisions than in the less central ones. It has been suggested that the resulting pattern can be understood in a
deconnement scenario as resulting from melting of χc states above a certain energy density, followed by suppression
of directly produced J/ψ mesons, when the collisions are central enough to generate energy densities above a higher
threshold [4].
In a recent paper Blaizot et al [5] showed that the data can be understood as an eect of transverse energy
fluctuations in central heavy ion collisions. Introducing a factor ε = ET /ET (b) at appropriate place, good description
to the data is obtained if the suppression is assumed to be 100% above a threshold density, which is a parameter in
the model. Smearing the threshold density (at the expense of another parameter) best t to the data is obtained.
Capella et al [6] also analysed the data in the comover approach. There also, the comover density has to be modied
by the factor ε. Introduction of the adhoc factor ε can be justied in a model based on excited nucleons represented
by strings [7].
At a xed impact parameter, the transverse energy fluctuates. Also the number of NN collisions fluctuates. This
fluctuations in number of NN collisions were not taken into account in the calculations of Blaizot et al [5] or in the
calculations of Capella et al [6]. In the present paper, we present a calculation following the model of Blaizot et al
[5] including this fluctuations. As will be shown below, if the fluctuations in number of NN collisions are taken into
account very good description of the NA50 data can be obtained without smearing the thrshold density. The smearing
eect is done by the fluctuations in number of NN collisions.
Geometric model has been quite successful in explaining the transverse energy production as well as multiplicity
distributions in AA collisions [8,9]. In this model, it is assumed that at impact parameter b, the number n of NN
collisions is Poisson distributed with average < nb >, which in the Glauber approximation is,
< nb >= σNN
∫
d2sTA(s)TB(s− b) (1)
σNN is the inelastic NN cross-section, assumed to be 32 mb. In this model all the nuclear information is contained
in the nuclear thikness function is TA,B(s) =
∫
dzρA,B(s, z). In the present calculation, we have used the following
parametric form for ρA(r) [5],
ρA(r) =
ρ0
1 + exp( r−r0a )
(2)
1
with a=0.53 fm, r0 = 1.1A1/3. The central density is obtained from
∫
ρA(r)d3r = A.
In the geometric model, the probability to obtain ET at impact parameter b in n- number of NN collisions is written
as,
Pn(b, ET ) =
e−<nb> < nb >n
Γ(n+ 1)
Qfng(ET ) (3)
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In eq.4 g(ET ) is the normalised ET distribution from NN collisions. Most of the ET distributions in NN collisions





with the parameters α and β. For the gamma distribution, the average and the variance are,
< ET >NN= β/α (6a)
< E2T > / < ET >
2 −1 = 1/β (6b)
Gamma distribution has an elegant convolution property which greatly facilitate computation. n-fold convolution





The nal transverse energy distribution is then obtained from eq.3, summing it over n (from 1 to1) and averaging
over the impact parameter b.
Geometric model has been quite successful in explaining the ET distributions in heavy ion collisions with α  2
and β  2 [9]. We have tted the ET distribution in Pb+Pb collisions varying the parameter β. The other parameter
α was kept xed at α = 2. In g.1, the experimental data alongwith the t to it in the geometric model is shown.
The t was obtained with β=0.2, a value which is order of magnitude less than the β values obtained in other AA
collisions. Thus for Pb+Pb collisions, elementary NN collisions (on the average) produces less ET than in other AA
collisions. The variance is also a order of magnitude large. It seems that the nucleons are more transparent Pb+Pb
collisions than in (say) O+Au collisions, leading to less < ET > in individual NN collisions. It is evident that ET
production mechanism in Pb+Pb collisions is dierent from other AA collisions. Transparency of nucleons in Pb+Pb
collisions may be interpreted as an indication of QGP production in Pb+Pb collisions.
ET (GeV)










FIG. 1. Transverse energy distribution in Pb+Pb collisions
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The Drell-Yan production cross-section at impact parameter b, in Pb+Pb collisions can be written as,
d2σDY /d2b = σDY
∫
d2sTA(s)TB(s− b) (8)






B (s− b)S(b, s) (9)








where σabs is the cross-section for J/ψ absorptions by nucleons. The exponential factor is the probability for the cc
pair to avoid nuclear absorption and form a J/ψ, called the nuclear absorption survival probability. S(b, s) is the
anomalous part of the suppression. Blaizot et al [5] assumed that J/ψ suppression is 100% eective above a threshold
density (nc), a parameter in the model. Accordingly the anomalous suppression part was written as,
S(b, s) = (nc − np(b, s)) (11)
where np is the density of participant nucleons in impact parameter space,
np(b, s) = TA(s)[1 − e−σNNTB(b−s)] + [TA $ TB] (12)
Recognising that the endpoint behavior of charmonium suppressions are due to transverse energy fluctuations,
Blaizot et al [5] modied the density of participant nucleons by a factor ε = ET /ET (b), The modication makes sense
only when np is assumed to be proportional to the energy density. It was also assumed that the ET fluctuations are
strongly correlated in dierent rapidity gaps. The assumption was essential as NA50 collaboration measured ET in
the 1.1-2.3 pseudorapidity window while the J/ψ’s were measured in the rapidity window 2.82 < y < 3.92 [4]. In the
geometric model, strong correlation between ET fluctuations in dierent rapidity window is readily obtained. At a
xed impact parameter, fluctuations in ET can be calculated as [9]
< E2T >AA − < ET >2AA
< ET >2AA
=





< E2T >NN − < ET >2NN
< ET >2NN
(13)
The ET fluctuations has two parts, one of geometric in nature which remains same irrespective of rapidity window.
The other part which depend on fluctuations in the ET distributions in NN collisions. This part changes with rapidity
window but its eect is less as it is weighted by the factor 1/ < N >. Fluctuations of ET in dierent rapidity windows
are thus strongly correlated. Blaizot et al [5] could describe the transverse energy dependence of J/ψ with threshold
density of nc=3.7 fm−2. Best t to the data was obtained only be smearing the  function at the expense of another
parameter.




Pn(b, ET )P (ψ j ET , b) (14)
where Pn(b, ET ) is the probability to obtain ET at impact parameter b in n NN collisions eq.(3) and P (ψ j ET , b) is
the probability to produce a charmonium at impact parameter b and at transverse energy ET . It is given by eq.9,
with anomalous suppression part modied according to,
S(b, s) = (nc − ET
nβ/α
np(b, s)) (15)
where we have replaced ET (b) by nβ/α appropriate in the geometric model. This modication takes into account the
fluctuations in number of NN collisions at xed impact parameter b.

















σabs=6.4 mb, nc=3.9 fm-2
σabs=4.0 mb, nc=3.5 fm-2
FIG. 2. J/ψ survival probabilty in Pb+Pb collisions as a function of transverse energy.
In g.2, we have compared the theoretical charmonium production cross-section with NA50 experimental data. The
normalisation factor σJ/ψ/σDY was taken to be 53.5. The solid curve is obtained with σabs=6.4 mb, and nc = 3.9fm−2.
Very good description of the data from 40 GeV onward is obtained. It may be noted that if the fluctuations in the
NN collisions were neglected, equivalent description is obtained with threshold density nc = 3.75fm2, with smearing
of the  function at the expense of another parameter. It is evident that in this model, the smearing is done by
fluctuating NN collisions. Theoretical calculations predict more suppressions below 40 GeV, a feature evident in other
models also. It is possible to obtain a t to the entire ET range, reducing the J/ψ-nucleon absorption cross-scetion.
The dashed line in g.2, corresponds to σabs=4 mb and nc = 3.5fm−2.
To summarise, we have analysed the transverse energy distribution in Pb+Pb collisions as well as the charmonium
production data obtained by the NA50 collaboration. The transverse energy distribution was analysed in the geometric
model. It was seen that in order to t the experimental data, individual NN collisions are required to produce (on
the average) less ET . It seems that compared to other AA collisions, in Pb+Pb collision, the nucleons become
transparent. The charmonium production data was analysed following the model of Blaizot et al [5], including the
eect of fluctuations in number of NN collisions at xed impact parameter. The experimental data from 40 GeV
onwards could be very well tted with σabs=6.4 mb and a threshold density of 3.9 fm−2. Neglecting the fluctuations
in number of NN collisions, equivalent t could only be obtained by smearing the  function at the expense of an
added parameter. Data in the entire ET range could be tted reducing the J/ψ-nucleon absorption cross-section,
σabs=4 mb. The threshold density is also reduced to 3.5 fm−2. Considering that nucleons become more transparent
(as suggested by the ET data), such a reduction seems plausible. Melting of charmoniums above a threshold density
as well as apparent transparency of nucleons (as evident from analysis of ET distribution) strongly suggests that in
Pb+Pb collisions, QGP like environmet is produced.
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